Background: Liver diseases are a common cause of mortality and morbidity over the world. It is caused mainly by toxic chemicals and chemotherapeutic agents. Costus speciosus (Koen ex. Retz.) (Zingiberaceae) is widely employed in various traditional medicines for the prevention and treatment of different aliments. The purpose of this study is to assess the protective effect of C. speciosus rhizomes MeOH extract against the injury of the liver induced by paracetamol (PA) in mice. Material and Methods: The mice were pretreated for seven days with distilled H 2 O, silymarin 12 mg/kg or 100 and 200 mg/kg MeOH extract. Then, PA (750 mg/kg) was also intra-peritoneal administrated once a day. Animals were euthanatized 24 h after the damage inducement. The levels of the serum enzymes aspartate aminotransferase (AST), alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase, in addition to the tumor necrosis factor-alpha (TNF-α), were determined. Moreover, the histopathological examination was carried out. Results: Administration of the MeOH extract (200 mg/kg) showed improvement in the toxic effects of PA through significant fall on the serum markers enzymes of liver damage: AST, ALT, and ALP, as well as TNF-α, compared to silymarin. In parallel, the histopathological profile in the mice` liver also proved that extract markedly minimized the PA toxicity and maintained the liver tissues` histoarchitecture to near the normal ones more than that achieved by silymarin.
Introduction
The liver is the fundamental organ for the metabolism and excretion. It performs a vital function in detoxifying environmental pollutants, xenobiotics, and chemotherapeutic agents. Liver disease is a common cause of mortality and morbidity over the world and mainly caused by toxic chemicals, such as carbon tetrachloride and chemotherapeutic agents (Maheswari et al., 2008) . Paracetamol (PA) is extensively utilized for its antipyretic and analgesic effects at therapeutic doses (Hazai et al., 2001 ). An overdose causes severe nephrotoxicity and hepatotoxicity (Vermeulen et al., 1992) . Available pharmaco-therapeutic options for liver diseases are very limited and there is a great need for the development of safe and effective drugs. Several researches have shown that the extracts of plant possessing antioxidant activity, that protects against PA hepatotoxicity by promoting the activity of antioxidant enzyme and suppressing peroxidation of lipid (Cohen and Khairallah, 1997) . The family Costaceae (Zingiberaceae) is divided into 52 genera and includes about 1,300 species (Lijuan et al., 2011; Singh et al., 2011) . It is distributed in various countries throughout tropical Africa, Asia, and America (Lijuan et al., 2011; Singh et al., 2011; Gupta, 2001) . Costus speciosus (Koen ex. Retz.) has been considered to be a medicinal and ornamental plant and is mainly cultivated in India. It has a number of traditional uses, which are known in various countries, as well as in Saudi Arabia, such as bitter, astringent, expectorant, tonic, purgative, acrid, stimulant, depurative, anthelmintic, and expectorant (Gupta, 2010; Chopra et al., 2006) . In addition, its rhizomes juice is applied for cooling on the head and remove headache. Also, rhizomes are used in anemia, asthma, bronchitis, leprosy, jaundice, and skin and urinary diseases (Sivarajan and Balachandran, 1994) . The rhizomes alkaloid extract has antispasmodic and papaverine-like smooth muscle-relaxant effects (Lijuan et al., 2011; Banerji et al., 1982; Bhattacharya et al., 1972) . Its extract is also used to control syphilis in Japanese traditional medicine (Jain, 1991) . C. speciosus possessed various activities: antibacterial, antifungal (Ibrahim et al. 2017 ), anti-inflammatory, analgesic, antihyperglycemic, antihyperlipidemic, antipyretic, and antioxidant (Bavarva and Narasimhacharya, 2008; Srivastava et al., 2013) . Moreover, C. speciosus saponins had antifertility and oestrogenic activities (Tewari et al., 1973) . Former phytochemical studies on C. speciosus resulted in the separation of sesquiterpenes (Ibrahim et al., 2017 , Al-Attas et al., 2015), sterols (Akhila et al., 1987) , saponins (Ichinose et al., 1999; Inoue and Ebizuka, 1996) , phenolics (Chang et al., 2012) , benzoquinones (Mahmood et al., 1984) , fatty acids (Gupta et al., 1986) , and alkaloids (Bhattacharya et al., 1973) .
In this work, the hepatoprotective potential of C. speciosus rhizomes was estimated against PA-induced acute liver damage. Liver enzymes serum levels alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were estimated as the biochemical markers of liver function. In addition to the tumor necrosis factor-alpha (TNF-α), was determined. Additionally, the histopathology of the liver was observed microscopically for any PA-induced toxic changes.
Materials and Methods

Chemicals
AST, ALT, ALP, and TNF-α kits were procured from Salima Trading Corporation, Riyadh, Saudi Arabia. Paracetamol and silymarin were purchased from Sedico and EPICO Pharmaceutical Co. (Cairo, Egypt), respectively.
Plant material and extract preparation
The dried rhizomes of C. speciosus (Koen ex. Retz.) for the present investigation were obtained from a Saudi local market (Al-Madinah Al-Munawwarah) and authenticated by Prof Dr. Abdelaziz Fayed, Professor (Faculty of Science, Assiut University, Egypt). A specimen (CS-6-2016) was kept at the Pharmacognosy and Pharmaceutical Chemistry Department, Faculty of Pharmacy, Taibah University, KSA. A powdered sample of rhizomes (150 g) was extracted, using MeOH (4  500 mL). The extract was concentrated under vacuum, using a rotary evaporator (Heidolph, Schwabach, Germany) to give a brown residue (19 g ).
Animals and experimental design
Adult male albino mice (20-22 g) were obtained from Department of Pharmacology, Faculty of Pharmacy, King Abdulaziz University. The mice were housed in polypropylene cages and kept at 25±2° under 14/10 h dark and light cycle. They were provided with food and water ad libitum. Experiments on the animals were approved by the Research Ethics Committee of the College of Pharmacy, Taibah University. The animals selected for the present investigation were separated into five groups of 6 animals each. Group 1 (control group), was treated with distilled water as a vehicle for seven days. Group 2 was treated with paracetamol (750 mg/kg b.w.) once a day intra-peritoneal (IP) (Steinebrunner et al., 2014) . Groups 3, 4, and 5 received orally the MeOH extract (100 and 200 mg/kg b.w.) and silymarin (12 mg/kg b.w.) (Elizabeth et al., 1996) , respectively once a day for seven days followed by a single IP administration of PA (750 mg/kg b.w.), 24 hours after receiving the final dose.
Biochemical parameters
After 12 hours of receiving their last treatment dose, all of the mice were anesthetized by ketamine injection and sacrificed by cervical dislocation. Samples of blood were obtained by cardiac puncture and instantly placed into ice-chilled disposable siliconized glass tubes. Centrifugation of the blood samples was carried out at 4000 rpm at 4°C for 15 min to get serum, which was kept at -80 °C for assessing serum enzyme levels. The liver of animals for each group was dissected, weighed, and preserved in the formalin solution for histopathological study.
Histopathological study
The livers were rinsed with ice-cold saline and cross-sectioned. Ten percent neutral buffered formalin was used for saving liver specimens. The specimens were embedded in paraffin to prepare for sectioning (4) (5) 
Statistical analysis
The data were expressed as a mean ± standard error of the mean (SEM). One-way analysis of variance (ANOVA) was used to analyze the data, followed by Student's t-test. A p-value of less than 0.001 was considered to be statistically significant when compared to the control.
Results and Discussion
As shown in Fig. 1-4 , the serum enzyme parameter levels (AST, ALT, ALP, and TNF-α) were significantly increased in the PA-treated group. Figure : . Level of alanine aminotransferase (ALT) enzyme A mean ± standard error of the mean was used to express the data (n = 6). Group 2 (PA group) (p = < 0.001) was compared to group 1 (control group). Groups 3 and 4 (p = < 0.001) were compared to group 2 (one-way analysis of variance was applied, followed by Student's t-test).
Figure 2:
Level of aspartate aminotransferase (AST) enzyme Mean ± standard error of the mean was used to express the data (n = 6). Group 2 (PA group) (p = < 0.001) was compared to group 1 (control group). Groups 3 and 4 (p = < 0.001) were compared to group 2 (one-way analysis of variance was applied, followed by Student's t-test).
Figure 3:
Level of alkaline phosphatase (ALP) enzyme Mean ± standard error of the mean was used to express the data (n = 6). Group 2 (PA group) (p = < 0.001) was compared to group 1 (control group). Groups 3 and 4 (p = < 0.001) were compared to group 2 (one-way analysis of variance was applied, followed by Student's t-test).
Figure 4:
Level of tumor necrosis factor-alpha (TNF-α) Mean ± standard error of the mean was used to express the data (n = 6). Group 2 (PA group) (p = < 0.001) was compared to group 1 (control group). Groups 3 and 4 (p = < 0.001) were compared to group 2 (one-way analysis of variance was applied, followed by Student's t-test).
Histopathological examination of the liver tissue of mice received distilled water (normal control group) showed apparently normal hepatic tissue. Where the hepatic cells are radially placed and each cell has a granular cytoplasm and large spherical nucleus without any injury (Fig. 5A) . However, liver tissues of PA-treated mice revealed congestion of the liver cells, necrosis, and apoptosis (Fig. 5B) . Treatment with C. speciosus rhizomes MeOH extract at a dose 100 mg/kg did not significantly decrease AST, ALT, ALP, and TNF-α levels compared to silymarin. In the parallel to biochemical observation, the histopathological studies demonstrated a mild improvement in the liver structure (Fig. 5C ). At extract dose 200 mg/kg, the serum level of AST, ALT, ALP, and TNF-α was significantly decreased. Interestingly, the histopathological profile at a dose 200 mg/kg showed no significant fatty changes, hepatic inflammation, or hepatocyte necrosis were observed, which means a significant improvement in the liver structure more so than that achieved using silymarin with respect to PA-induced necrosis in the normal compact arrangement of the liver cells in animals (Fig. 5D&E) . The search for safe and effective medication to treat hepatic disorders is of considerable interest. C. speciosus has a wide range of therapeutic activities because of its phytochemicals: alkaloids, flavonoids, terpenoids, saponins, steroids, and phenolics, which possessed different pharmacological properties Figure 5B: A liver section from the PA group showed patches of liver cell congestion, necrosis, and apoptosis. Figure 5C : A liver section from the treated group with C. speciosus (100 mg/kg) after PA-induced liver damage, demonstrated a mild improvement in the liver structure. Figure 5D : A liver section from the treated group with C. speciosus (200 mg/kg) after PA-induced liver damage, showed a significant improvement in the liver structure more than that achieved using silymarin. It is worthy noted that only a few studies have focused on its hepatic influences. Hence, this study was designed to investigate the protective potential of C. speciosus towards the toxic effect of PA on the liver of normal healthy mice. PA is considered as self-poisoning worldwide due its wide availability and accessibility (Gunnell et al., 2000) . Despite its safety when used properly, PA poisoning is one of the more common overdoses reported in poison centers (Heard, 2008) . Normally, hepatoprotectant drugs preserve normal liver function or reduce the injurious effects caused by hepatotoxins (Li et al., 2011) . PA liver damage is produced from its metabolites, especially N-acetyl-pbenzoquinoneimine (NAPQI). NAPQI depletes the natural antioxidant, glutathione in the liver and consequently damages the hepatocytes, which finally leads to liver failure (Kulkarni, 2011 ). In the current study increased serum levels of ALT, AST, ALP, and TNF-α are the most important indicators of liver toxicity by PA (Kang, 2013) . The obtained results revealed the protective effect of C. speciosus extract towards PA-induced hepatic damage. Also, they indicated that the level of serum marker enzymes and TNF-α decreased by increasing the dose of the MeOH extract, which proved its ability to save the hepatocytes from the damage that lead to secretion of ALT, AST, and ALP to the blood stream. In addition, no toxic changes in liver tissues were observed microscopically for the treated group by any dose of C. speciosus extract. This was in agreement with the previous study, which reported the protective potential of C. speciosus rhizomes EtOH extract towards CCl 4 -induced hepatotoxicity in rats (Verma and Khosa, 2009 ). It was stated that the hepatoprotective effect of C. speciosus could be attributed to the existence of steroidal saponins and different glycosides (Devi and Urooj, 2010; Verma and Khosa, 2009 ). Eremanthin and costunolide separated from C. speciosus rhizome reduced levels of ALT and AST in diabetic rats (Eliza et al., 2009a,b) . Furthermore, it was reported that the alcoholic extract of C. speciosus rhizome had a potent antioxidant property which would help to reduce the oxidative stress and protect the liver from reactive oxygen species (Devi and Urooj, 2010; Eliza et al., 2010; Bhuyan and Zaman, 2008; Bavarva and Narasimhacharya, 2008). Thus, C. speciosus can be identified as a source of hepatoprotective compounds. This evidence further justifies the use of the alcoholic extract of C. speciosus as hepatoprotective agent. However, more extensive research should be conducted to confirm these effects in human.
Conclusion
The present investigation indicated that the MeOH extract of C. speciosus rhizomes provided significant hepatoprotective activity against PA-induced liver damage in mice. It produced a subsequent recovery near to normal level, which confirmed by the histopathological studies. The extract at a dose 200 mg/kg provided more significant reversal effect comparable with those of silymarin (reference standard). This hepatoprotection effect may be due to the active ingredients in C. speciosus, such as steroidal saponins and different glycosides as documented in the literature.
